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ABSTRACT 


Rations containing different levels of protein and 
biotin were fed to broiler chicks and turkey poults to study 
the effects on rate of growth, symptoms of deficiency and 
the occurrence of fatty liver and kidney syndrome (FLKS). A 
study was also conducted to assess the incidence of 
haemorrhagic liver syndrome (HLS) in laying hens fed rations 
containing different levels of Span rapeseed meal and 
biotin. The livers and kidneys of the broiler chickens and 
the livers of the hens were analyzed for moisture, fat and 


protein. 


The addition of biotin to broiler rations containing a 
high or medium level of protein resulted in a more rapid 
rate of growth and reduced the amount of feed required per 
inte of “gain. A lower incidence of perosis was also 
observed in the chicks fed rations supplemented with biotin. 
No symptoms of FLKS were seen in any of the _ chicks. The 
composition of the livers and kidneys was not affected by 
levels of protein in the ration or the amount of biotin fed, 
but a reduction in liver size was observed when biotin was 


added to the rations. 


The addition of biotin to turkey starting rations of 
varying protein content increased the rate of growth of 


poults as compared to those fed unsupplemented rations. 
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Dermatitis that occurred on the unsupplemented rations was 
eliminated and incidence of perosis was reduced when biotin 
was added to the rations. No symptoms of FLKS were observed 
in poults fed any of the rations. The composition of the 
livers and kidneys of the poults was not affected by the 
addition of biotin to the rations fed. A reduction in fat 
and protein content of the liver of poults fed a low protein 


ration was observed. 


Use of a low level (5%) of Span rapeseed meal in laying 
rations had no effect on mortality, rate of production or 
egg quality; however, inclusion of 10 or 15% of the meal 
increased mortality and reduced egg production and Haugh 
unit values. Mortality due to haemorrhagic liver syndrome 
increased when 10 or 15% rapeseed meal was included in the 
ration, but no mortality from haemorrhagic liver syndrome 
(HLS) was observed on rations containing 0 or 5% of rapeseed 
meal. The use of biotin in the rations had no effect on 
level of mortality or mortality caused by HLS. The 
composition of livers and kidneys of laying hens was not 
significantly affected by either inclusion of biotin in the 


rations or level of rapeseed meal fed. 
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INTRODUCTION 


A disorder known as fatty liver and kidney syndrome 
(FLKS) has ‘been responsible for heavy losses in broiler 
flocks. The level of mortality encountered has ranged from 
1 or 2h to levels as high as 30%. As a consequence there 
has been much concern within the poultry industry respecting 


incidence and control of this disorder. 


As the name of the disorder implies, one of the 
principal symptoms of the syndrome consists of increased 
deposition of fat in the liver and kidneys of broilers. 
Affected birds are lethargic and death occurs within a few 
hours. Mortality is usually seen in birds 18 to 23 days of 


age but may occur at any time during the growing period. 


Research conducted on this problem has indicated that 
outbreaks of the syndrome often occurred on diets containing 
high levels of wheat or maize and suboptimal levels of 
protein. Recently it was shown that biotin, one of the B- 


vitamins, was effective in preventing the occurrence of the 


disorder. 


A somewhat similar disorder has also been reported in 
laying hens. This disorder has been referred to as fatty 
liver syndrome, fatty liver haemorrhagic syndrome or 
haemorrhagic liver syndrome (HLS). In this disorder the 


liver is pale in color and friable suggesting an increase in 
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fat content. Mortality that occurs is caused by massive 
haemorrhages in the liver. There are no reports indicating 
that the kidneys are involved in the appearance of the 


disorder in laying hens. 


There has been no indication that the addition of 
biotin to laying hen's rations is effective in reducing the 
incidence of HLS; nevertheless the occurrence of HLS may be 
affected by the composition of the diet. Recent studies 
have indicated that the use of rapeseed meal (RSM) in laying 
rations at levels in excess of that usually recommended (5%) 


resulted in an increase in the incidence of HLS. 


Since several factors may be involved in the occurrence 
of FLKS and HLS, and aithough the two conditions may be 
entirely unrelated, it seemed desirable to study the 
disorders in more detail. Consequently, experiments were 
initiated to study the effects of use of biotin on the 
incidence of FLKS and levels of fat in the livers and 
kidneys of broilers and turkeys poults fed rations of 
varying protein content. In addition a study was conducted 
to assess the effects of use of biotin and RSM.on the 
incidence of HLS in laying hens. Levels of fat in the 


livers and kidneys of laying hens were also determined. 
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LITERATURE REVIEW 
A. Fatty liver _and kidney syndrome in broilers 


ee es ee Se SS 


i. Symptoms of the disorder: 


Fatty liver and kidney syndrome was first described by 
the Danish workers Marthedal and Velling (1958) cited by 
Hemsley (1965). They described the disease as one of 
unknown aetiology, the typical feature of which is an 
increase in the amount of fat deposited in the liver, kidney 
and myocardium. Since the disease seemed to affect only 
chicks from certain farms, it was suggested that outbreaks 
might be a result of interaction between factors carried by 
the chick and environmental factors. No suggestion of 
dietary involvement was made because the disorder was seen 


in chicks fed six commercial brands of feed. 


FLKS is a disorder which affects young chicks, with 
mortality usually occurring between the 18th and 23rd day of 
age. (Hemsley, 1965; Blair, Bolton and Duff, 1969). In 
most instances, losses are relatively low (1-2% mortality) 
but occasionally outbreaks occur with much higher mortality 
levels (Whitehead and Blair, 1974; Payne et al., 1974). The 
external symptoms of the disorder are not specific for FLKS 
alone. Affected birds often appear lethargic. Some birds 
may be found lying with their heads bent over their backs. 
When this stage is reached death usually occurs within a few 


hours (Blair and Whitehead, 1974). 
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The internal symptoms seen in FLKS serve as a more 
reliable guide for identifying the disease. On examination 
of affected birds, it has been noted that the livers and 
kidneys were enlarged and pale. The color of the liver may 
range from a brown to greyish-white color, with haemorrhages 
on either one or both lobes ranging from pin-point size to 
large areas. Sometimes the haemorrhages were seen around 
the edge of the liver. The kidneys of affected birds were 
also swollen and pale. Lesions were observed in kidneys at 
the proximal and distal convoluted tubules and the tubules 
were swollen to such an extent that other renal structures, 
especially the glomeruli and distal convoluted tubules, were 
so crowded together that they were compressed (Hemsley, 
1965; Marthedal, Velling and Jylling, 1974). In the kidney 
the mitochondria and other organelles of the cell were not 
degenerated but numerous large globules of lipid were 
present in the cytoplasm. The presence of large granular 
globular lipid bodies both inside and outside of liver cells 
have also been reported (Whitehead et al., 1973) cited by 
Blair and Whitehead (1974). Some degeneration in heart 
muscle fibres has been mentioned together with sporadic 
occurrence of fatty droplets (Mathedal, Velling and Jylling, 
1974). Gross changes in the adrenals of birds affected with 
FLKS were observed by Payne et al., (1974). Changes in the 


gizzard and duodenum have also been noted (Hemsley, 1965¢ 
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Blair and Whitehead, 1974). 


Studies on the lipid metabolism of chicks affected with 
FLKS have also Shown that changes occur. The levels of 
triglycerides in the liver and kidneys were increased as 
much as 4 to 5 times those observed in normal birds. 
(Whitehead, 1975; Johnson et al., 1972 cited by Whitehead, 
1975) « The higher levels of triglycerides were accompanied 
by increased palmitoleic acid and decreased stearic acid 
contents of the liver and kidneys (Whitehead, 1975). The 
levels of phospholipids and the fatty acid composition of 
adipose tissue were not markedly altered (Evans, Bannister 


and Whitehead, 1975). 


Changes in plasma free fatty acid concentration of 
chicks affected with FLKS were reported by Evans, Bannister 
and Whitehead (1975). They found that the concentration of 
free fatty acids in the plasma was invariably increased. 
This was probably due to increased mobilization of lipid 
depots rather than to a reduction in uptake or utilization 
of fatty acids since fatty acid oxidation in the liver, 
kidney and heart was normal. 


ii. Factors affecting the incidence of FLKS 


The first suggestion that nutritional factors might be 
of importance in the development of FLKS was made by Blair, 


Bolton and Duff, (1969). They observed that the level of 
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mortality from FLKS appeared to be inversely related to the 
protein level of the diet. It was suggested that the 
sporadic appearance of the disorder might be due to an 


interaction of genetic, environmental and dietary factors. 


Blair, Bolton and Duff (1969) and Laursen-Jones (1971) 
cited by Blair, Whitehead and Teague (1975) also observed 
the effect of low protein level on mortality from FLKS and 
indicated that the disorder was most likely to occur on 
diets containing a high level of wheat. In later trials, 
however, it was noted that when wheat was replaced 
lsocalorically by barley and starch, the level of mortality 
was as high (14%) as on the ration containing wheat. The 
non-specific effect of source of grain on the occurrence of 
the disorder has been observed by others (Blair t fa Pe: 


1973; Blair, Whitehead and Teague, 1975). 


There is considerable evidence that incidence of FLKS 
may be affected by levels of fat in the diet. Husbands and 
Laursen-Jones (1969) observed that mortality from FLKS was 
nil on diets containing 4% maize oil or 4% lard and 18.4% 
crude protein, as compared to FLKS levels ranging from 10 to 
19% on Similar rations of lower protein content without 
added fat. Blair et al. (1973) also observed that 
mortality from FLKS was reduced when the dietary fat level 
was increased. It was suggested that FLKS may be related to 


a disorder of fat metabolism. In a subsequent report Blair, 
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Whitehead and Teague (1975) observed that high levels of 
protein and fat in the diet had a protective influence on 
mortality from FLKS. Whitehead et al. (1975) reported that 
the addition of maize or, tallow or olive oil, 
isoenergetically at the expense of starch in the diet, 


reduced mortality due to FLKS from 19 to 7 per cent. 


Several other factors have also been implicated in the 
occurrence of FLKS in broilers. Diets of high energy to 
protein ratio based on wheat or barley have been found to 
consistently cause high mortality from FLKS. (Whitehead and 
Blair, 1974; Blair, Whitehead and Teague, 1975). In 
addition environmental factors such as high temperature or 
any other kind of stress have been shown to affect the 
incidence of this syndrome. (Whitehead and Blair, 1974; 
Whitehead et als, 1975). Sex influence may also be 
involved. Blair, Whitehead and Teague (1975) and Whitehead 
et al. (1975) observed a higher incidence of mortality due 
to FLKS among females than _ males. The possibility that 
genetic factors may affect the incidence of mortality due to 
FLKS to some degree was mentioned by Hemsley (1965) and 
Blair, Bolton and Duff (1969). Blair, Whitehead and Teague 
(1975) found that mortality was increased on a pelleted diet 
as compared with a mash diet. This suggests the possibility 


that one or more nutrients might be destroyed or modified by 


the pelleting process. 
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The possibility that a vitamin or some other nutrient 
might be involved was indicated by the report of Hemsley 
(1973). They observed that the addition of molasses to the 
drinking water was effective in greatly reducing mortality 


from FLKS. 


Following upon the observations of Hemsley (1973), it 
has been shown that the addition of biotin to the rations 
fed was effective in preventing losses from FLKS. Payne et 
al. (1974), reported that mortality from FLKS could be 
stopped by administering yeast and ascorbic acid to 
broilers. Subsequently it was observed that a liquid 
vitamin mixture containing biotin was effective in 
controlling mortality from FLKS under experimental 
conditions. Under field conditions, administration of a 
liguid vitamin mix containing biotin also halted mortality 
from FLKS on a diet composed mainly of wheat, wheat by- 
products, and meat and bone meal. Since a similar vitamin 
mixture without added biotin had been used previously 
without effect on FLKS, this suggested that diets high in 
wheat and barley, in which the non-cereal protein was not 


predominantly soybean meal may require supplemental biotin. 


Blair and Whitehead (1974) also observed that the 
addition of a vitamin supplement containing most of the 


vitamins, including biotin, reduced mortality from 21% to 
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1%. In another trial when 24 diets were supplemented with 
individual vitamins or combinations of the vitamins, it was 
observed that mean mortality from FLKS was 0.2% with diets 
containing added biotin whereas mortality was 23% on the 
diets without biotin. Whitehead, Bannister and Wight (1974) 
also reported that mortality was reduced to zero by adding 
biotin to low and high protein diets which when not 
Supplemented with biotin consistently caused 20 and 4% FLKS 
mortality respectively. On the basis of the above work it 
was concluded that FLKS is a biotin responsive syndrome even 
though other symptoms of biotin deficiency were not usually 
seen. 


B: Haemorrhagic liver syndrome 
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A disorder somewhat Similar to FLKS has been observed 
in laying hens. This condition was first reported by Couch 


(1956) who called it "Fatty liver syndrome". 


The disorder which usually occurred in the second half 
of the laying year, was characterized by a decrease in rate 
of egg production and increased mortality. When the livers 
of the hens that died were examined they were found to be 
greatly enlarged with a uniform light-yellow color and 
friable consistency. Haemorrhages and haematomas were also 
noted in the livers. Affected birds usually showed 


extensive accumulation of abdominal fat. Death of the birds 
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was caused by massive haemorrhages which resulted in rupture 
of the Glisson's capsule (Couch, 1956; Price et al., 1957; 
Nesheim, Ivy and Norvell, 1969; Ivy and Nesheim, 1973; 
Jensen et al., 1974). The levels of fat in livers of birds 
that died were usually very high (46 to 83% dry weight) with 
a mean of 65.2% of lipid content (Nesheim, Ivy and Norvell, 
1969). Microscopic examination showed that fat droplets had 
accumulated in the cytoplasm of the hepatic cells and these 
globules had apparently fused into one large globule which 
altered the contour of the cell and displaced the nucleus 
(Thayer et al., 1973). The association between incidence of 
haemorrhage and high liver fat content was confirmed by 
Wolford and Polin (1972), Wolford and Polin (1974) and 


Garlich et al. (1975). 


Changes in the lipid content of the livers of birds 
with fatty liver syndrome have been reported. Lipid 
analysis showed that accumulation of fat in the liver of 
laying hens was largely due to deposition of neutral lipids 
or triglycerides. The phospholipid content decreased 
markedly as liver fat increased, but total phospholipids per 
gram of liver changed relatively little (Ivy and Neshein, 
1973). It was also observed that the linoleic acid content 
of liver gin decreased and oleic acid content increased 
suggesting that deposited lipids originated from 


biosynthesis rather than from dietary fat. 
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Although mortality may be associated with the 
accumulation of fat in the liver, lipid content per se is 
not the cause of mortality. Death is usually due toa 
maSSive haemorrhage. For that reason, Nesheim and Ivy 
(1970) suggested that the term "Liver haemorrhage syndrome" 
be used to describe the condition. Hall (1972) also 
contended that fatty liver syndrome is a misnomer and 
suggested the term Hepatic (liver) haemorrhage. Blun, 
Leclercg and Calet (1973) Suggested that the tern 
“"Haemorrhagic fatty liver" was more appropriate because it 
refers both to the steatosis and to the loss of blood which 
may lead to the death of the birds. The name "Fatty liver 
haemorrhagic syndrome" that also referred to both fat 
content and occurrence of haemorrhage was used by Wolford 
and Murphy (1972), Wolford and Polin (1972), Wolford and 
Polin (1974). Blum, Leclercg and Calet (1973) first used 
the term "Haemorrhagic liver syndrome" (HLS) to describe the 
name that had been suggested by Nesheim and Ivy (1970) and 
this term was also used by Olomu et al-, 1975 to describe 
the condition in laying hens. 


ii: Factors affecting the occurrence of haemorrhagic 


Numerous factors may be involved in the occurrence of 
HLS in laying hens. These include genetic factors, 


environmental influences and the effect of nutrition. 
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That genetic factors may affect the incidence of HLS 
was suggested by Nesheim and Ivy (1970). In two populations 
it was observed that the birds with high liver fat levels 
showed evidence of liver haemorrhages in 11% of the birds 
while those with low livers fat levels showed none. 
Clandinin et al. (1974) reported that haemorrhages were 
more commonly Seen in the livers of one strain of Single 
Comb White Leghorns than those of other strains and breeds. 
Garlich et al. (1975) using 20 different varieties of hens 
and 3 different confinement systems also observed highly 


Significant differences in liver lipid content among the 


varieties regardless of the confinement system used. 


Environmental factors have been shown to exert some 
effects on the accumulation of fat in the livers and on the 
incidence of HLS. Nesheim and Ivy (1970) observed mortality 
from liver haemorrhages during the spring and summer months 
£0r several years. High environmental temperatures, 
together with deficiencies of methionine, choline and 
vitamin B , have also been shown to cause an increase in the 


level of liver fat (Wolford, 1971; Schexnailder and 


Griffith, 1973). 


Hartfiel et al. (1970) cited by Ivy and Nesheim (1973) 


noted that hens kept in cages had higher average liver fat 


content than hens kept in floor pens. Forced exercise and 
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consumption of feces caused a reduction in liver fat content 
of hens housed in cages. Garlich et al. (1975) found that 
liver lipid content was significantly higher in hens 
confined two birds per cage than when birds were confined in 
larger cages at the rate of seven birds per cage or when 


they were kept in floor pens. 


The incidence of nutritional factors on the occurrence 
of HLS are not clear cut. Couch (1956) noticed that the 
Syndrome is most frequently observed in flocks in which the 
birds have become heavy because of excessive fattening 
resulting from feeding a ration with a very high energy 
content. McDaniel et al. (1959) observed that percent 
liver fat generally did not appear to be affected by varying 
the protein, energy or fat level of the diet fed. Neshein, 
Ivy and Norvell (1969) also reported that decreasing the 
calorie-protein ratio by increasing the protein content of 
the ration or by decreasing the energy content of the ration 
had no effect on liver fat values . In a subsequent 
experiment Nesheim and Ivy (1970) observed however that hens 


fed a low energy diet had lower level of liver fat than 


those fed higher energy rations. 


The use of lipotropic factors in preventing HLS has had 
variable results. Reed et al. (1968) cited by Wolford and 
Murphy (1972) showed that inositol was of value in the 


prevention of HLS. Other workers (Bossard and Combs, 19703 
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Leveitle “and (Bray, 901970; sRaghand ! ‘ét' abs,:4970, cited by 
Wolford and Polin, 1972; and Nesheim and Ivy, 1970) were 
unable to demonstrate the beneficial effects of the addition 


of inositol to poultry feeds. 


The effects of other lipotropic factors such as 
Choline, vitamin B , vitamin E, and methionine on HLS are 
obscure. Griffith et al. (1969) reported that 
supplementing a practical ration for laying hens with 
choline did not reduce liver fat levels. Nesheim and Ivy 
(1970), also indicated that choline supplementation had no 


effect on liver fat levels in hens fed practical rations. 


The use of RSM in rations of laying hens has been shown 
to have an influence on the incidence of HLS. Cardin et al. 
(1968) observed an increase in mortality in laying hens when 
RSM in the rations was increased. A similar increase in the 
incidence of mortality when the percent of RSM was increased 
in the rations of laying hens was reported by Minetoma 
(1972). Olomu et al. (1975) also noted that inclusion of 
RSM in diets of laying hens increased the incidence of HLS. 
Mortality due to HLS was observed to be 0, 0, 3.1 and 9.4 


percent when levels of 0, 5, 7.5 and 10 percent RSM 


respectively were used in the rations. 


There is some evidence that genetic factors may affect 


resistance to occurrence of HLS when RSM in included in the 
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rations of laying hens. Jackson (1969) using two strains, 
Hyline and Hybrid-4 and diets with 0 to 20% of RSM in the 
rations, found that dietary treatments had no effect on 
mortality of the Hybrid-4 strain but death rate of the 
Hyline pullets increased significantly as the level of RSM 
in the ration increased from 0 to 20%. Confirmation that 
strain or breed may affect incidence of HLS was obtained by 
Clandinin et al. (1974). Haemorrhages were more commonly 
seen in livers of Hyline Leghorns than in White Plymouth 


Rock, Rhode Island Red or Shaver Leghorns. 
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EXPERIMENTS AT THE UNIVERISTY OF ALBERTA 

Experiments were conducted to study: 

Section I: The effect of biotin on the incidence of 
fatty liver and kidney syndrome in chicks. 

Section II: The effect of biotin on the incidence of 
fatty liver and kidney syndrome in 
turkey poults. 

Section III: The effects of biotin and level of 
rapeseed meal on the productive 
performance of laying hens 
and the incidence of haemorrhagic liver 


syndrome. 
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SECTION I 
The effect of biotin on the incidence of fatty liver and 
kidney syndrome in chicks. 


Status of the problem 


Fatty liver and kidney syndrome has been noted in 
broilers fed high energy-low protein rations and has 
resulted in varying levels of mortality. The symptoms of 
the disorder have been prevented by the addition of biotin 
to the rations fed. This experiment was conducted in order 
to determine the effect of supplementation of broiler 
rations with biotin on incidence of FLKS and on levels of 
fat present in the livers and kidneys of the birds. 


Experimental 


Two hundred and forty, day-old, cross-bred (White 
Mountain x Hubbard White Plymouth Rock), broiler-type chicks 
were used in this experiment. Four replicates of 10 chicks 
(5 males and 5 females) were used for each of the six 
treatments. The experiment was arranged in a 2 x 3 
factorial design, involving 2 levels of added biotin (0 and 
220 ug/kg) and three levels of protein (22.6, 20.2 and 17.8) 


in the rations. 


The composition of the rations used (Ration 1-6) are 
shown in Table 1. The rations were formulated to be 


isocaloric but to contain either a high, medium or low 


= 
% 2 2 am * : 
4 nae : Saat Ta 
See. tore!  yxted 1am ow 
Se 
& bl. oh feo ae Oe us Yew 
! 
: . 
J6ii Pixy rKe’ ? RT abet) 3 Wwe ae dard 
; ante 
io tye? é ‘? bies i Pe, Siwod , bay 


= 


Pai zr gan ri 7 ve WA 34 ) PY 

iscAD 3 he: Pah Vos pew) -} hes gin ea | aga 

Se Shir7 ty Blt laa jane te Sod 328 Bw 
E ? a 8 ay 


% arava i Cte fod 2C. wre! Oe oh iu 


. 7 eo! ee 
125%)  hwhideeouy, “shipwyed: steht bir 


efocdo << ph! aii Fi if>o7. Agpond it atiav es 


“ eioti> uF 32e en sett ude 


oa 


27 i a ‘whan: 89 
ate an7 _ ra di ted ‘ao: eit %° Su. lqobias ¢ we 
mie f | ah as i8F teat ‘whendtaqha | atm . iy eal eat me 


+ ; Pg ey x rh 
ene OF, 95 ap ‘inti! %3 etpron, ¢ vakeboan\ “Ab inst Epis 


7 a. at sone £005 ve.88) nse pita 46 BE 24 j sf ‘enue nae ty aiyinle ‘ i mL 
ae] PY ils Pie. 
| * i ; , . ; Tht ry) “ng 


¥ 7 i , - 

: 4 ; nie he ay > a ne 

"1 Ti GUST HSS gre mceei- 4 bit t +0, a ba ; nae Al, ae 
ny 


or linte lege BFS, 2aC isa ant “A oe Sige” as ita Bite 
‘ ‘iia hig OB watts ¢ bit cos ap 


18 


LL SUELL}OpUad uLedoud Sb gL sel ULWEZLA SDW | SpLoe O}LO} Sbw ZgL ‘a 
up;IeLU tbw TL SazeuayzozUued wNLd_[ed Shu py SULARLZOGLA sHw | Sy ULwey 
:UuOLZeA JO DY ued SLaAa| 


uotzeu $0 By vod ulzOlg 40 BY gzz :pattddns 


2 


é 
5b g¢°Q ‘aupuolyqeaw-{g ‘bw 
SapruOL[yd autloyds fbw 22 
A f°A°'l 22 “3 ulwmegya 
DULMOLLOF 942 paltddns 


S 
) 
L 


L 


i 


SADT uzEL SEG upweqia S*N*l OGD Sy ULWeaLA 
2ze 201 y2e vOL L2e LOL 
0£°0 02°0 LL°0 L£°0 LZ°0 LL°0 
yO'L pO'L go'L gO'L Go°L So'l 
9LL 9LL “SSL Sst Bel sel 
6L°0 6L°0 $6°0 $6°0 OL‘ cH eal 
B°Zt 8° ZL 2°02 2°02 9°22 G722 
CELE ee le LELe LELe 62LE Sele 
§2°0 --- $2°0 --- $2°0 --- 
00°t 00° 00°L 00°L 00°L 00°L 
L0°0 L0°0 L0°0 L0°0 Lo'o 10°0 
20°0 20°0 200 20°0 20°0 20°0 
02°0 02°0 02°0 02°0 02°0 02°0 
OO 00 0r'0 0v'0 0v°0 0r'0 
00°L 00°L 00°L 00°L 00°L 00°L 
--- --- 00°€ 00°€ 00°9 00°9 
00°9 00°9 00°9 00°9 00°9 00°9 
00° 00° 00°? 00°? 00°? 00°? 
OS" OS"? Ol’? Ol’? OLE OL’ 
2s°l Leet racial LEN 29° Lew 
OL L8 OL’ L8 0$°8Z (9°82 05°SL 06°SZ 
9 § y € 2 L 
MOT wn Lpay yB LH 


Sees 


[adel ULaOug 


By/H *urqolg 

% *snououdsoud [ezo, 
% Swntoleg 

OLVeU ULaIOUd/aluo[eg 
% SauLshy 

% “‘ulaqzOud 

ZaLp HBy/Ledy *ABsaua alqezioqezay 


sasAteue pazye[tno[(e) 


palace ULZOLG 
X,waud JUalpasbuLoudly 
(UZ %4@L) @pLxo IULZ 
(UW %29) apLxo asauebuey 

LBS Paztpo] 

(d %8L $80 %ve) azeudsoyd yD0y 
(2) %8€) auozsawt| punoug 


L 


(uLaqzoud 42°16) Leew ueaqhos pazelost 


(uLaqoud %2/) Leaw Bulduay 
(uLaqzoud ZeG) Leaw zyeay 
MOLLBY PaZzlL{tgeys 

S}z4OUS 294M 

. (ULazOUd ZG°EL) 2eAaYM puNndID 


eee 


Spuatpaubuy] 


SYOLYD UOJ SUOLZRU LeZUdWLUYadxa JO UOLZLSOdwOoJD “| 41gVL 


ee Pee son er ‘ror teat 
>» aa Fer pikes 
: Tagan aa bars te ‘t 
‘ets ena fone” 


a a a : he Sean 

aa eo ee a waxes ri ethane: 
‘ . a - tos WP antes: Seer 

aha rae 


: Seo , ‘. ea : ? 4 - 
: " P oa Z Erte ee: ae fares : Batt s<T¢ a tab epi iors wrisep re iy | Ligea ok 


ee 29 2h ce Wah OSS Oy Cee aac 9: tea eee er ener a 
: ALS <-> bape Gee -oeyt — ee, eis, Oo SRE aire 

. : att aN) Selo eres! “pes ec? Pipa 5 biter neeriwal site tas @ 
. por? $502 age ore . et << gict - 8 gi 4 : => iR- ponte) 6 
E Fini 1h rf ~ ory oe ve: a i i tae kepaele finda? 

3 io = $0} sce Lins rae = — toe . : D> is ae ,a 7G, 
i Sree a ee ee est Cpe ae ee 


a 7, AY Prcttr Ae bet ita? Pn Mu {hh tavie pe sha alQryl widol! ¢¥ on ae figap 
= a ale is rT Meee ALS RUSS ES ih Noh yea eole age e Ragen ite ig wig, 7 
* aPibis ths we SETS ye Wie ths Yoel tipkch iad no EA 2gGRt Di ey Bi altos 
7 * sf=a(e a i Fre 


ll has 


BEften_ toes 


TES 9 vi OFS “wagtton 32? 


19 


protein content. The levels of biotin in the unsupplemented 
rations were kept low in relation to the chicks requirement 
by using ingredients that tend to be low in biotin content. 

The rations were analyzed for crude protein, ether extract 


(fat) and dry matter content by A.O.A.C. methods (1965). 


The initial mean weight of each lot of chicks within 
the trial were the same. The chicks were wing-banded and 
brooded in electrically heated batteries with raised screen 
floors. Continuous lighting was provided. Feed and water 


were supplied ad libitun. 


The chicks were individually weighed at 2 and 4 weeks 
of age and feed consumption was determined at the end of the 
cial. When the chicks were weighed they were examined for 
perosis and dermatitis which are symptoms seen in biotin 
deficiency. A record of mortality was kept. The trial was 


terminated when the chicks were 4 weeks old. 


At the end of the trial 8 chicks (4 males and 4 
females) from each replicate were killed by cervical 
dislocation. The livers and kidneys were removed, cleaned 
of adhering blood and fat, and freeze-dried. They were then 
placed in plastic bags and stored at -15 C until analyzed 
for fat and protein (Appendix I). The dry matter content of 


the livers and kidneys were calculated from the fresh and 


dried weights. 
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At the conclusion of the experiment, the data were 
subjected to analysis of variance and significance of 
differences “were assessed by applying Duncan's multiple 
range test (Steeie and Torrie, 1960) at the 0.05 level of 
probability. Details of the analysis of variance are 
presented in Appendix If. 


Results and Discussion 


The effects of protein and biotin levels in the ration 
On growth, feed conversion and symptoms of biotin deficiency 


are Summarized in Table 2. 


Addition of biotin to the ration fed resulted ina 
Significant increase (P<0.05) in average body weight and a 
decrease in feed required per unit of gain. The increase 
was greater on the high and medium protein rations but no 


response was obtained on the low protein ration. 


Average body weight and feed conversion were affected 
by the level of protein in the ration fed. On the rations 
containing high and medium levels of protein, body weight at 
4 weeks of age was Significantly greater than on the low 
protein rations. Feed required per unit of gain was 
significantly higher on the low protein rations than on the 


high protein rations. 
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mortality on the different treatments. No significant 
differences between the groups were observed; however, 
mortality tended to be lower in the groups fed rations 


supplemented with biotin. 


The birds were examined for incidence of perosis and 
dermatitis because these are symptoms commonly seen in a 
biotin deficiency. The chicks fed the biotin deficient 
rations showed a significantly higher level of perosis than 
those fed the rations supplemented with biotin; however, 
biotin was not effective in entirely preventing this 
disorder. Incidence of perosis was Significantly higher 
among the male birds as compared to the females. No 


Symptoms of dermatitis were seen in this experiment. 


The effects of treatments on the composition of livers 
and kidneys (Table 3) indicated that the level of protein 
used had no effect on the weight of fresh livers and 
kidneys, expressed on the basis of body weight. Levels of 
protein in the ration fed also had no effect on levels of 


dry matter, fat or protein in liver and kidney tissues of 


the chicks. 


Some significant differences between males and females 
in the composition of their kidneys were observed. 
Percentages of dry matter and fat in the kidney tissue of 


females were slightly higher than those in males. Fresh 
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kidney weight (g/100g body weight) was 3% lower in females 
than in males. No sex difference in kidney protein content 


was observed. 


Addition of biotin to the rations resulted in a 
decrease in liver size when it was expressed on the basis of 
body weight. The inclusion of biotin had no effect on dry 
matter, fat or protein content of the liver. No significant 
differences in the weight, dry matter, fat or protein 


content of the kidneys were noted. 


In this experiment there was no evidence of FLKS. None 
of the birds that died showed any symptoms of this disorder. 


Summary 


The effects of varying the protein and biotin levels of 
the rations fed on incidence of FLKS and composition of 
livers and kidneys of the chicks were studied. The results 
obtained indicated the following: 

1. There were no Significant differences in level 
of mortality from the various treatments used. 
No mortality from FLKS was observed in any of 
the groups. 

2. Addition of biotin to the rations fed resulted 
in increased body weight and efficiency of feed 
utilization and reduced incidence of perosis. 


A significant decrease in liver size (g/100g body 
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weight) was noted when biotin was added to the 
rations but no other changes in liver or kidney 
composition were observed. 

Average body weight was significantly higher and 
feed conversion was lower on the high and mediun 


protein rations than on the low protein ration. 
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SECTION II 
The effect of biotin on the incidence of fatty liver and 
kidney syndrome in turkey poults. 


Status of the problem 


The occurrence of FLKS has not been reported in turkey 
poults, however, since chicks may be affected with the 
disorder the possibility exists that a similar condition 
might occur in poults. In chicks the syndrome occurs when 
high energy-low protein rations are fed and is prevented by 
the inclusion of biotin in the rations. Since a biotin 
deficiency may occur in poults fed practical rations this 
experiment was conducted to assess the occurrence of FLKS in 
poults and to determine the effects of supplemental biotin 


on the composition of their livers and kidneys. 


Experimental 


One hundred and twenty, day old, Broad Breasted Bronze 
turkey poults of mixed sexes were divided into 12 comparable 
groups of 10 birds each. Two groups were placed on each of 
six treatments, involving 3 levels of protein (30.0, 24.8 


and 19.7) and 2 levels of added biotin (0 and 550 ug/kg). 


The composition of the experimental rations (Basal 1-6) 
is shown in Table 4. The rations were kept isocaloric by 
adjusting the level of wheat, stabilized tallow, herring 


meal and isolated soybean protein in the ration. The poults 
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were wWing-banded and brooded in electrically heated 
batteries with raised screen floors. Continuous light was 


provided. Feed and water were supplied ad libitun. 


Individual weights were obtained when the poults were 2 
and 4 weeks of age. At the end of the experiment the poults 
were examined individually for symptoms of biotin 
deficiency. Records of feed consumption and mortality were 
kept. The trial was terminated when the poults were four 


weeks of age. 


At the end of the trial the remaining poults were 
killed by cervical dislocation and individual weight of the 
poults, livers and kidneys were recorded. The livers and 
kidneys were cleaned of adhering blood and fat and were then 
freeze-dried. They were then placed in plastic bags and 
stored at -15 C until analyzed for protein, fat and ash. 
The dry matter content of the livers and kidneys was 


calculated from the fresh and dried weights. 


At the conclusion of the experiment the data were 
statistically analyzed in the same manner as was outlined in 


Section Li Details of the statistical analysis are 


presented in Appendix IIIf. 
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Results and Discussion 


The effects of protein and biotin levels in the rations 
on growth and Symptoms of biotin deficiency are summarized 


in Table 5. 


Addition of biotin to the high or medium protein 
rations resulted in increased body weight at 4 weeks of age. 
On the low protein ration biotin supplementation had no 


effect on body weight. 


Although the level of mortality was high in this 
experiment, none of the deaths were caused by FLKS. The 
addition of biotin was effective in markedly reducing 
mortality level on the high and medium protein levels but 


had little effect on the birds fed the low protein rations. 


Symptoms of biotin deficiency were observed in poults 
fed the biotin deficient diets. Perosis, and dermatitis 
were observed at 4 weeks of age in all poults fed the 
deficient rations. The dermatitis noted was typical of that 
seen in a biotin deficiency. Scabby encrustations occurred 
at the beak angles, and around the eyes. The bottom of the 
feet were thickened and haemorrhagic cracking was observed 


on the foot pads. 


There waS evidence that the level of protein supplied 


on the medium and low protein rations was insufficient to 
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meet the poults'! requirement. Rate of growth was 
considerably reduced on the low protein ration and symptoms 
of a lysine deficiency, characterized by white barring of 
the primary feathers was observed in all poults receiving 


the medium and low protein rations. 


The effect of treatment on the composition of livers 
and kidneys (Table 6) indicated that the levels of protein 
and biotin used had no effect on fresh liver and kidney 
weight expressed on the basis of body weight. Liver fat and 
protein content decreased sigificantly when the low protein 
level was’ fed. No change in dry matter or ash content of 
the livers of the poults fed the different diets was 
observed. The composition of the kidneys was not affected 
by the treatments used. 


Summary 


The effects of protein and biotin levels in rations for 
poults on the incidence of FLKS and on the composition of 
their livers and kidneys were studied. The results obtained 
indicated the following: 

1. The general level of mortality in the experiment 
was high; however, no deaths attributable to FLKS 
were observed. 

2. Addition of biotin to the high and medium protein 
rations resulted in increased average body weight 


and reduced level of mortality. 
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A very high incidence of perosis and dermatitis 

was observed in the poults fed the rations without 
added biotin. Inclusion of biotin resulted ina 
marked decline in incidence of perosis and complete 
elimination of symptoms of dermatitis. 

The composition of the livers and kidneys of poults 
was not affected by the addition of biotin to the 
rations fed. A reduction in the fat and protein 
content of the livers of the poults fed the low 


protein ration was observed. 
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SECTION IIT 
The: effects of biotin and level of rapeseed meal on the 
productive performance of laying hens and the incidence of 


haemorrhagic liver syndrome. 


ee 


High levels of RSM in the rations of laying hens have 
been observed to increase mortality caused by HLS. Since 
biotin has been found to be effective in preventing FLKS in 
broilers it seemed desirable to determine whether this 
vitamin might have any effect on the occurrence of HLS in 
layers fed varying levels of RSM. In addition, the effect 
of biotin supplementation on the composition of the livers 


and kidneys of laying hens was determined. 


Seven hundred and sixty eight Single Comb White 
Leghorns (Shaver Starcross 288) raised on a commercial type 
growing ration were used in this experiment. At 22 weeks of 
age they were leg-banded and placed at random in laying 
cages (2 birds per 30 x 40 cm cage), in 16 groups of 48 
birds each. The birds were fed a commercial-type laying 
ration until they were 24 weeks of age at which time two 


groups were placed on each of the experimental rations shown 


in Table 7. 


The dietary treatments involved four different levels 
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of Span RSM (0, 5, 10, and 15%) and two levels of added 
biotin (0 and 220 ugykg). The rations were kept isocaloric 
and isonitrogenous by varying the levels of wheat, soybean 
meal and tallow in the rations as the level of RSM was 
increased. Feed and water were supplied ad libitum. Each 
group was fed 700 grams of insoluble grit (size No. 3) per 


week sprinkled on top of the feed. 


During the experimental period of 40 weeks, records 
were kept on total egg production, egg weight (average 
weight of eggs laid by each group on one day of each week), 
Haugh unit values and specific gravity (determined on all 
eggs laid on one day during each 4-week interval) and feed 
consumption (measured at 4-week intervals). Body weight was 


determined at the end of the experiment. 


Artificial light was provided to supply 14 hours of 
light per day during the laying period and the room 
temperature was maintained above 14 C during the experiment. 
A record of mortality was kept. All birds that died were 


sent to the Alberta Veterinary Laboratory for autopsy. 


At the end of the experiment 12 birds per group (24 
birds per treatment) were fasted for 18 hours and were then 
sacrificed by seqentad the jugular vein. The livers from 
each bird were examined and graded visually to obtain an 


indication of the amount of fat that they contained. The 
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livers were placed in grades ranging from a rating of 1. for 
those of normal dark red appearance to a rating of 5 for 
those which were very pale and friable, (Fig. 1). In order 
to determine whether the grading was valid, 3 livers of each 
grade were pooled and analyzed for dry matter, fat, protein 


and ash. The results are presented in Appendix IV. 


Nine birds from each group were taken at random and the 
livers and kidneys were removed, cleaned of adhering fat and 
blood, and weighed. For analysis, the livers and kidneys 
were pooled into three groups of 3 livers or 3. kidneys, 
homogenized in a Oster blender, and a portion of the 
homogenates was freeze-dried for 72 hours to constant 
weight, and dry matter was calculated. The dried samples 
were kept ina plastic bag and stored at -15 C until 
analyzed for fat and protein. At the conclusion of the 
experiment the data were subjected to analyses of variance 
and significance of differences were assessed by applying 
Duncan's Multiple Range Test (Steele and Torrie, 1960) at 
the 0.05 level of probability. Details of the analysis of 


variance are shown in Appendix V. 
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Results _and Discussion 


A summary of the effects of different levels of RSM and 
biotin in the rations fed on performance of laying hens is 


shown in Table 8. 


Total mortality rate was considerably higher when 10 or 
15% RSM was included in the ration than when 0 or 5% RSM was 
used, but the differences were not statistically different. 
No mortality attributable to HLS was observed on rations 
containing 0 or 5% RSM but HLS accounted for 3.1 and 7.8% 
mortality on rations containing 10 and 15% of RSM 
respectively. The increase in mortality from HLS when RSM 
was increased from 10 to 15% was statistically significant 
(P<0.05). The inclusion of biotin in the rations (220 
ug/kg) had no significant effect on total mortality or 


mortality caused by HLS. 


Rate of production, measured on the basis of the number 
of birds present at the beginning of the experiment, was 
significantly reduced in the groups fed rations containing 
10 or 15% RSM. When production was calculated on a_ hen-day 
basis only, a moderate decrease in production rate occurred 
as the level of RSM was increased. The treatments used had 
no significant effect on the amount of feed required to 
produce a dozen eggs. The addition of biotin to the rations 


had no effect on rate of production or feed efficiency. 
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Biotin supplementation of the rations fed had no effect 
On egg weight, specific gravity or Haugh unit values of eggs 
produced. navel of RSM also had no effect on egg weight or 
specific gravity but average Haugh unit values decreased 
Significantly as the level of RSM was increased. This 
suggests that high levels of Span RSM in the ration fed may 


lead to some decrease in interior quality of eggs produced. 


Data on the composition of livers and kidneys that were 
analyzed from each of the experimental groups are presented 


in Table 9. 


The composition of livers and kidneys of laying hens 
was not affected by the addition of biotin to the rations 
fed. There were, however, some Significant effects on liver 
composition related to inclusion of RSM in the rations. 
When RSM was included at levels from 5 to 15%, the dry 
matter and fat contents of the livers were reduced and the 
levels of protein were increased. The decrease in dry 
matter and fat content, as compared to the control ration, 
was approximately the same on the three levels of RSM. 
Level of RSM fed apparently had no effect on the dry matter, 


protein or fat content of kidney tissue. 


Summary 


Single Comb White Leghorns were fed rations containing 


4 levels (0, 5, 10 and 15%) of RSM and 2 levels (0 and220 
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ug/kg) of added biotin for an experimental period of 40 
weeks. It was observed that: 

1. The addition of biotin to laying rations containing 
levels of RSM ranging from 0 to 15% had no effect 
on level of mortality or mortality caused by HLS. 
The use of biotin also had no influence on dry 
matter, protein or fat content of livers or 
kidneys. There was also no apparent 
difference in appearance of livers from hens fed 
biotin as compared to those receiving 
unsupplemented rations. 

2. No mortality from HLS was observed in rations 
containing 0 or 5% RSM but HLS accounted 
for 3.1 and 7.8% mortality when, rations 
containing 10 and 15% RSM, respectively, 
were fed. 

3. The high levels of RSM (10 and 15%) in the diets 
significantly reduced the rate of production 
calculated on a hen-housed production, but when 
production was calculated on a hen-day basis 
the decrease that occurred was not significantly 
different. 

4. Egg quality measured in terms of 
Haugh unit values decreased significantly as 
the level of RSM in the rations was increased. 


The treatments used had no effect on specific 
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GENERAL DISCUSSION 


The calculated levels of biotin in the unsupplemented 
rations were sufficiently high to meet the chick's 
requirement (NAS - NRC, 1971); however, rate of growth was 
lower and incidence of perosis was higher than on the same 
rations supplemented with biotin. In the experiment with 
poults symptoms were observed that were similar to those 
reported for a biotin deficiency by Patrick et al. (1942) 
and Robblee and Clandinin (1953; 1970). They included 
dermatitis, perosis and reduced rate of growth. The 
performance with chicks and poults suggests that the levels 
of biotin in the basal rations used were probably borderline 
with respect to the requirements of the chick and truly 


deficient in relation to the requirements of the poult. 


Despite the fact that a deficiency of biotin was 
involved in the experiments no symptoms that might be 
described as FLKS were seen. In addition, supplementing the 
basal rations with biotin had no effect on the composition 


of livers and kidneys of either chicks or poults. 


The failure to induce FLKS may have been related to the 
inclusion of fat in the rations fed. Husbands and Laursen- 
Jones (1969) had reported lower levels of mortality from 
FLKS on rations containing 4% maize oil or lard. Blair et 


al. (1973) and Blair, Whitehead and Teague (1975) concluded 
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that mortality from the disorder was reduced when dietary 
fat levels were increased. Since broiler rations in Western 
Canada are usually based on wheat as the principal grain in 
the ration, stabilized fat is usually added to increase 
energy content. Under these circumstances losses from FLKS 
would probably be slight. If, however, shortages of animal 
fat should develop, or the price of fat should increase _ so 
much that it becomes uneconomical to include it in broiler 
rations, then losses from FLKS might be encountered in the 


field. 


The increased level of mortality from HLS when the 
level of rapeseed meal used in the ration was 10 or 15% as 
compared to levels of 5% confirmed previous reports 
(Jackson, 1969; Clandinin, Robblee and Slinger, 1972; and 
Olomu et al., 1975). The lower level of mortality observed 
and the absence of deaths attributable to HLS when 5% 
rapeseed meal was used, sSefves to support the current 
recommendation (Clandinin, Robblee and Slinger, 1972) that 
the levels of rapeseed meal used in laying diets should not 


exceed 5% of the ration. 


The observation that supplementation with biotin had no 
influence on total mortality or mortality due to HLS 
suggests that this vitamin is not of primary importance in 
development of HLS or prevention of the disorder. The fact 


that the addition of biotin had no effect on the composition 
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of the livers or on liver weight (g/100 g body weight) would 
tend to support the above suggestion since an association 
seems to exist between incidence of HLS and high liver fat 
content (Nesheim, Ivy and Norvell, 1969; Nesheim and Ivy, 
1970; Wolford and Polin, 1972, 1974; and Garlich et al., 
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APPENDIX I 


Procedure for analyses of livers_and kidneys 


The procedures used for analyses of livers and kidneys 
have been outlined previously (Olomu et al., 1975). The 
livers or kidneys were digested with 6N HCL in 600 al 
beakers for 1 hour on a rceflux apparatus (Gold-Fisch) 
conventionally used for crude fibre determination. The 
digesta were made up to volume in 200 ml (turkey kidneys) or 
250 ml (chick and laying hen kidneys); 200 ml (turkey 
livers) or 500 ml (chick and laying hen livers) volumetric 
flasks with water. For protein determination 20 ml (turkey- 
chicks) or 10 ml (hens) aliquots were transferred to 800 ml 
Kjeldahl flasks and protein was determined by A.O.A.C. 
methods (1965). For fat determination 25 ml (turkeys) or 40 
ml (chicks and hens) aliquots were filtered through a No. 
42 Whatman filter paper, washed free of acid with hot 
distilled water, and the residue allowed to air dry. The 
residue was then extracted for 12 hours with petroleum ether 
and the fat content calculated according to A.0.A.C. 


methods (1965). 


bs i , ’ v5 af 


be ae, wna inher il t 
ae | | aay eae 


oe) es ae * 


pay ste? fe, ae | 


iter 
rs ' t Y few 
é 
ve 1% f. ee 7 t 
ry.) Aol arr te: 
oH 39 SITS AGE 
a yar i 
i Oe a4 Ft) 
; 
‘ ea: maa! +) LZ 
den! Lei le EE 
“i 
) ni \) [ ow st é d Fl 4 + 
J + we 
3! at a3 , wnt 


me 


n 3 ra fs 
J % ae 
‘ a ; - ‘ a 
eu web die a) of AY ‘Q0ne 
; ine 4 f 
‘ 1 
? x 
mr 
f 
\ 
Yy, 
” 
" 


cc le. “a 4 


ety e 


a $i. 


un ‘elt 


ew ‘Slometh pick ona esonesy el 


% ‘on saga “sa oe 


or ee 


edi digw) 


<a a iene 


eee 


aie 


e 


ibe aa ab trite, iit ‘oothidpes 


i 


tite 403 


steal 


rea Hyd aha, i 308 | trample one Ge¥ pubinen, | 


haaetvel ay 


ay 


iby. 
+4 eis | e Sain a Denil i” OP ae. 


‘t 
Vel a 


ey 


Ly 4 ee 


ae” 


oman” 


aust nontnee Se 


ohne 


ad A: 


Rc 3 


10) Mi | way 


“ton 


) ie ate apanon : 
Leo i». ote 


D8. 


eyep pawuossuedy 


XaS-G fazed; {dau-y $1aral_ ULIOLG-g fLaAaL ULaqoug vh 
84°0 leet O°ELSEL Hosa ao 890€ 0 £°289S 8 8d/8s 
Le°t 2°02 2°20 20-3209°0 98201°0 p°69S9 4 dgs 
PLUK0 OSL L°Svd LOsaS'e ie0 20-385 °0 0°960€ L as 
€8°2 LL°S2 6°06 20-372°0 L0-309°0 8°2126 é dS 
6L°ES 0S°SE2 $°992S KOS SZ9e0 LOs3 2550 90+362p1°0 L 5 
Rome 68° EL 0°‘ O€e 10-3612°0 L620°L L0-30L2° BELLE 8 ad/& 
UL? Ciara, L’vst LO-3€1°0 00% o: FORAC Ce O° edeve 2 ad 
L£S°S 61° 082 8°856 L0-3962°0 68° rl OSEL* 0° L£2£06 L q 
Eoiss 99° 7b8 €°S6L yLL'o ae Geile 90432" 2 d 
> foupyy used rahe sel 8480124 es mgs oS, RYE : side a" toes 
Aaupty AIALY UOLS4aAUO0D "am Apog 
poe, Leut4 
sauends ueoy ; 
i *yuawtuadxa 


48, ,0UqQ-sauenbs ueaw pure (Jp) wopasay yo saaufBap ‘adunos-adue}uea yo sasfkieuy 


I] x}puaddy 


a 
on 


GO Chie Svar 


56 


KOSS Sayeop dau-y SutzoOlg-@ *UPEIOAd= dy 


6258S % 486° 68EL° BOLL 86° 20E Be PTAs 95°2 gl ad/as 
60°vY 0s8°0 HO ate om 886° owl  (avArhe lt LO Smal é das 
0°0 €0-302° £0-4S1L° 08° L£8°SS 9€°S2 ei aad L as 
ge8°2ol 8L° Sle LLY° 6p She Lo°8L 6°0 4 dS 
8L°8S ble Cit | Ce teh 9G° iLL Gemoit L°O€ L S 
Le ue 20°2 95° LLS°2 [BORA — ELT es pl Bl ad/y 
60'bY 86° | Boner, 89° 9 29°0L Lt 6 o°Ool @ ad 
4£0°62S iz € pe? pe° Gileeoig Oe 0) hele L qa 
B8'2ol Ope 96° Was GG* 2&2 y0°02 Eu 8 C4 d 
eee ee ES Se ae 
hap erson =o 2 nf t % % oak (3p) , @24nos 
upazodd 7e4 4azyeWy Aug upazoud 324 aaqyew faa 


Kaup ty TOAb 1 


Eee 
sauenbs uray 


e 


; (*3u09) J] x}pueddy 


on ta, , 
ve cae : 
H t { 
» i 
‘ 5) yt 
7 ' x 4 1 
4 
i I 
* 
i. 
te, 
P ; 
ta ry bo ge ee A, 
‘ 4 ats e Pa] a en’ 24 
= * , : Ah ‘oo 
" re a = ww). 
~ ' - 2 % Sw 
» - A fang 
hist, ey, A 8 
a | ae ee | 
‘ se t + < a 
i Be: hie a 
{ | | A } “ 
i Ua we eh 
ak ae 
| so 
¥. 4 
Vi oe wt = . 
t " “ t in 
- ur ri aan wh, a) 
‘ a ee ae 
. ae : ¥ 
1 >, 
! 
: ‘ 
} MJ 
' 1 
Ce. , ie 
PARAL ee a 9 ets oe 
site “sy > rs vt 7 F oe 
: "i > ‘ . 
: ~ ’ <> ey ad 
“ ; 
an a 
x a. he Se gi a ee 
' ta ae ea, i 
- . ‘s 
> + 7 r oa 
¢ 7 ~ * A aj en 
b oa - oat v rae Ld “we | A4 
j - i ie oe “” : ae aii y 
iS ny i 
¥ |e = oe Nal 
.s “ 
: - eh may ee a) ae a 
he * * iS i 
af) : 
rs } i . Ay! be = ”® 
“sl j *) tr ~ = » 
a’ | Veet 
tm | ORY 7! 
a D | ra 
= vt ri { 
ae | ery 
Be s. @ay *D i +. 
me ea BD Et sab? 
f wi ~ ! v : 
a { a! Zs VW ur. i 
' i un ‘7 —~ an 
= 2 ‘7 in) 
4 = * 
1 in am” ie 
_ 5 &) A 
- 7 ip sa. 
’ + j i . e fo ‘ 
! ; 
~ ; 
i. - 
Sy +o y 
) i uw” wy ’ ” A Y rs 
A 5 
" < 
3 ‘ i 
, i 
| ’ é 
% 
' F 
mat > », 
D 2 
4 o 
a Le Les 1 
; oe a 
j ea r 
1 oe 2 


=| 


*sayed}{dau-y $sypaaa, ULJPOLGeg tsjaral Byotetg = 


i errr eerste 


g'b9 Decco, mele: OL’? gze°0 96€°0 S9t°O © 8B BL 62L°0 Sve '0 9 adut+ 
GU+dd+¥ 

§°29 p9'29L vit OL 10-3695 °0 $p2°0 L0-386°0 28°19 9E2°0 615°0 rd ad 
o'908€ €2'vl6 10-306° CL BLL" L 0S2°0 p$2°0 = <L'OL 20-3619°0  0-3222°0 l g 
8b B0°L9L 625° 26° 1 80b°0 p60'L pyl'O LO'HLt eget Opp’ Z d 
nn ae RR ia ree cee, A I A ah eh er eS, SE 
dapsos}d 4 % % % % % % % t ($P) — ,ad94nos 

90H Ap LeW4OW ulazou 


; 8du+ 
902°0 Slip LO-3Z1€€'0 68yLl ‘0 BL6L 9 Gu+duty 
298'0 6L°2 Lo-3 lvl ‘0 82960 9LLS 4. ad 
062°L OL'O€ 10-3290 '0 L0-3€06°0 02 66 l ioe 
86°01 20°€0L LO-3SZL'0 81620 cecy 2 d 
6 8 "34 £poq 6001/6 6 (3P) | 294n0s 
Aaupty ysaay 4aAP] Ysaay a) aM "2M Kpog 
Aauply AdALY Leuld 


sauenbds ueay 
‘yuaujuadxa yinog - Sauenbs ueaw pue 
($p) wopaady Jo Saaubap Sadunos-aduelued Jo sash euy 


Il] xX}puaddy 


a 2S eee 


Ge Ww gavin 
-32eF - 


i = ee ert gs eS Rae 4 ‘ 
= or 7 = ‘ as = _ zs J ™ ae : a 2 
ee he a “get = =o ae =: $4424 Te} ] ve ; : = 
a a ‘ ; a F 3 i ee, . ; € “ : F 
i = A ee ee eo a <a Se ee aa 
= ie 4 7 - ra : -— = - z = ' oe yt ae \y a, ae ; ; rt 
——— —— ms : el aoe - : : *. Ser egpe ae. = A8 = : : , 
_ ines A re ee nS ee ip pine es ae a Ae a me ee ee ee 7 J ae ~ ; 
: P 7 + —~ ; — “ssa —- Av Te = Siete = — ees et : i a he 
a bes ¥ " rs (Fs! i e i os 
N ae « = 


-. ~86¥ 20 ee YTS ve - ee = : 
- | As : ' bi ke i Roe : — 


<n s e G,e0se-- fie e 5ae EF. fa ce +o BEES 2f-eFre % 
e 7 ; oo ie 5 {* e 5 a e oT i a a ; AL a 
= 7 ST aee t4 . $34 » A wet uy Sige rah ae ep += ‘5.07 _- : 
‘ § 7 - ‘ 
1 > - 7 - 7 
ns — “Gh<SGs — ae 
¥ - 
; ¢ 82 ey re t : st, om eT “Rye = S ® 2 a : 
\ 4% vs : 
fn a ie —_ = — _ = = a ae = posh _— —— as o _ a = a 
~ 5 i ath 
“| , - . F =F -¢ “<« * -~ 
- a 
~ - a ni ‘ . 
' ci 7 
1 7, 
y, : 
I 
5 
, = 
= 
; } F , 
y ar: So < 
7) 
a _ 


hy 


58 


Appendix IV 


Liver Grades of Laying Hens 


; ; Dry 

Evie: Fat ’ Protein Ash Matter 

Grade % % vi % 
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